The effect of cold adaptation at 4 °C on cyclopropane MAC was studied in 10 Wistar rats over a 16-week period. Compared with a similar control group (normally adapted), there was a significant decrease in weight gain and a significant increase in anaesthetic requirement in the cold-adapted rats.
METHODS
Twenty inbred, 300-g Wistar rats were separated randomly into two equal groups. The first group was normally adapted at 25 °C while the second was placed in a constant 4 °C ambient temperature. The animals were housed individually, to prevent generation of heat by snuggling, in cages which were sufficiently small to prevent generation of heat by exercise. Except for temperature, the environmental conditions and feeding were similar for the two groups. Cold adaptation in Wistar rats is evident at 3 weeks and is considered to be complete at 5 weeks (Hsieh, A. C. L., personal communication) . However, on returning cold-adapted rats to room temperature, the metabolic rates decrease to normal within 2\ h (Hsieh, 1963) . Consequently, both groups were studied at room temperature less than 15 rnin after removal from the conditioning environment and MAC values were ascertained within 1 h. The normal circadian variation of anaesthetic requirement in rats was allowed for by studying the animals only between 1.00 and 2.00 p.m. (Munson, Martucci and Smith, 1970) . Figure 1 shows the apparatus used to anaesthetize the rats with cyclopropane. The inflow gases came from two standard anaesthetic machines with calibrated flowmeters. In using this manifold, air FIG. 1. Apparatus. Gas flows from two anaesthetic machines. entrainment was minimized by the natural burrowing tendency of the rat, and a gas flow, to each compartment, equivalent to three times the rat's normal minute volume. Equality of flow to each chamber in the manifold was checked using a U-tube manometer and establishing that each compartment developed the same outflow pressure. Since the compartments were made of glass, a visual check of the position of each rat was possible.
All MAC values were obtained by starting at a concentration of cyclopropane known to anaesthetize all rats (25% v/v) and decreasing stepwise: 20,18,16, 14 and 12%. The number of animals that moved when a standard tail clamp was applied for 1 min was noted at each step. The MAC value and SEM were calculated for each group for each experiment using the log probit method (Finney, 1952; Munson, 1970) . Ten minutes were allowed for equilibration at each step change.
Rectal temperatures were monitored using a Yellow Springs multiple-probed temperature box. A heating pad was used to maintain a constant rectal temperature. During each experiment, individual rats were randomized in their position in the anaesthetic manifold. Figure 2 shows the weight of both the cold-adapted and the normally adapted animals over the time of our study. The rats were approximately 12 weeks old when the study began (0 week). The cold-adapted were slower than normal in gaining weight. This is a feature of cold adaptation. The small SEM values show that there was consistency in weight gain in the two groups. Figure 3 shows the MAC for cyclopropane in both the cold-adapted and control rats over the time of our study. Initially, MAC was similar in both groups (16.8%). After 4 weeks, MAC was greater for the cold-adapted rats than for the controls, and this difference continued for the remainder of the study. There was a trend towards higher MAC value, with age over the time of our study. Table I shows the data from the cold-adaptation study. The rectal temperature at the start and end of the study is included. In the first half of the study, the control rats had a higher basal rectal temperature than the cold-adapted animals, but in the final 7 weeks the trend was reversed. Additionally, during the 9-week and 13-week study, the cold-adapted group had a larger reduction in basal temperature than did the control rats during the experiment.
RESULTS
A comparative analysis between the cold-adapted and control rats for each study point shows no significant difference between the two groups for MAC values until the 16-week experiment (P< 0.05). However, by analysis of variance between the groups over the total time of the experiment, the coldadapted rats had a significantly higher MAC value (P<0.05).
The relationship between the mean rectal temperature and the corresponding MAC value for each experiment was not statistically significant (r = 0.5).
DISCUSSION
Our initial values agree with previously published values for MAC in rats (Munson, Hoffman and DiFazio, 1968; Munson, Martucci and Smith, 1970 ). White, Johnston and Eger (1974) have shown recently that it is feasible that only relatively insoluble inhalation agents such as cyclopropane (blood/gas coefficient = 0.46) are suitable for studying nontracheotomized, spontaneously breathing rats.
Our absolute MAC values may be low, since 100% equilibration during cyclopropane anaesthesia in normal rats may not be complete within 10 min (Wahrenbrock et al., 1974) . As the gas concentration was altered as a stepwise reduction, the brain concentrations may have been higher than the inspired concentrations. However, this effect would be common to both groups and the relative MAC values would be comparable. The significant difference in weight between the cold-adapted and control rats should not have influenced MAC. If an increase in cardiac output and ventilation proportional to the weight gain, with an unchanged blood flow distribution, occurred in the control group, the rate of change of alveolar anaesthetic gas concentrations should be similar to that in the smaller (cold-adapted) rats. The increased metabolic rate in the cold-adapted groups should not have influenced MAC. While more rapid equilibration will occur from the decreased tissue time constants associated with the presumed increased perfusion and ventilation per unit of body mass in cold adaptation, the low solubility of cyclopropane should obviate any change in the equilibration rate from this cause .
The decrease in anaesthetic requirements for both groups at 16 weeks, to about 85% of the respective 13-week MAC value, cannot be explained. Since control and cold-adapted rats showed the same effect concomitantly, a common cause seems likely. There may be an unexplained technical reason for these findings. Alternatively, since the rats were 28 weeks old at the time of the final study, they may have developed the natural diminution of anaesthetic requirements with age (Gregory, Eger and Munson, 1969 
SUMARIO
Se estudio el efecto de la adaptation al frfo a 4 °C con concentration alveolaria minima de ciclopropano en 10 ratas Wistar durante un periodo de 16 semanas. Comparadas con un grupo testigo parecido (adaptado normalmente), se produjo un disminuci6n significante del aumento ponderal y un aumento significante en el requerimiento para anestesia en las ratas adaptadas al frio.
